alent in placentas, 3) no infection occurred during the pregnancy studied (all 4 calves from seropositive dams tested postcolostrum were seronegative for N. caninum antibodies), and 4) tachyzoites are primarily within trophoblasts 10 and eventually rupture these cells; therefore, infected trophoblasts may slough off the placental surface during birth.
Based on these results, it may be prudent to prevent dogs from ingesting placentas from seropositive cows. However, this route of contamination is probably not very important in the life cycle of N. caninum. Because organisms are more frequently observed in aborted fetuses 1 than in placentas of full-term calves from seropositive dams, the fetuses are certainly the main source of canine infection. More placentas must be examined to formulate definitive conclusions concerning infective potential for dogs. 2 
Genotypic prevalence of apxIV in Actinobacillus pleuropneumoniae field isolates
Wan-Seob Cho, Chanhee Chae Abstract. A total of 90 Actinobacillus pleuropneumoniae field strains from pigs were serotyped by slide agglutination and analyzed for the presence of the apxIV gene by polymerase chain reaction. Of the 90 isolates serotyped, serotypes 2 (47 isolates) and 5 (25 isolates) were the most common, followed by serotype 6 (10 isolates). Three isolates belonged to serotype 7, and 5 isolates could not be typed. All 90 A. pleuropneumoniae field isolates tested carried the apxIV gene. This gene is species specific rather than serotype specific. Therefore, the ApxIV toxin has potential value for use both in vaccines and in diagnostic tests.
Porcine pleuropneumonia, caused by Actinobacillus pleuropneumoniae, is worldwide in its distribution and causes severe economic losses in pig-rearing countries. Based on requirements for nicotinamide adenine dinucleotide (NAD), NAD-dependent strains (biotype 1) and NAD-independent Received for publication April 11, 2000. strains (biotype 2) can be distinguished. 12 To date, at least 12 serotypes have been described, with various expression of 3 different proteinaceous cytotoxins belonging to the RTX family of toxins: ApxI, ApxII, and ApxIII. 5 ApxI, a strong hemolytic and cytotoxic protein of 105 kDa, is secreted by the most virulent serotypes: 1, 5, 9, 10, and 11. 2 ApxII, a weakly hemolytic and moderately cytotoxic protein of 105 kDa, is produced by all serotypes except serotype 10, 3 and ApxIII, a protein of 120 kDa, is secreted by serotypes 2, 3, 4, 6, and 8. 7 Recently, a fourth type of RTX determinant was identified in A. pleuropneumoniae and designated as ApxIV. 13 The polymerase chain reaction (PCR) technique is a powerful tool used for amplification of fragments of DNA. The PCR test can be completed rapidly, giving results such as the identification of the apxIV gene within 1 working day. The apxIV gene product could not be detected in A. pleuropneumoniae cultures grown under various conditions in vitro; however, pigs experimentally infected with serotypes 1, 5, and 7 produced antibodies that reacted with the ApxIV toxin, 13 suggesting that apxIV is induced in vivo. Therefore, PCR should be a valuable technique for detecting the apxIV gene in A. pleuropneumoniae.
Field strains of A. pleuropneumoniae produce ApxI, ApxII, and ApxIII toxins and carry their apx genes, respectively. 2, 8, 10 However, little is known about ApxIV in field strains. The objective of this study was to determine the presence and prevalence of the apxIV gene in field strains of A. pleuropneumoniae using the PCR technique.
Between 1995 and 1999, 90 strains of A. pleuropneumoniae that were isolated from 160 growing and finishing pigs with severe respiratory symptoms were submitted from across Korea to the Department of Veterinary Pathology of Seoul National University. Two strains of A. pleuropneumoniae were isolated in 1995, 6 in 1996, 8 in 1997, 44 in 1998, and 30 in 1999 . Actinobacillus pleuropneumoniae serotype 2, S4074 strain, a was used as a positive control.
Lungs were cultured for A. pleuropneumoniae by searing the tissue with a heated spatula, incising the tissue with a sterile scalpel, and sampling the exposed area with a sterile cotton swab. The swabs were used to inoculate 2 sheep blood (5%) agar plates by streaking the plates. A nurse colony of Staphylococcus intermedius was cross-streaked on 1 of the plates. The plate with the nurse substreak was incubated at 37 C in a 5% CO 2 incubator for 18-24 hours. Identification of the strains as A. pleuropneumoniae was based on Gram stain reaction, positive hemolysis on 5% sheep blood agar, positive Christie-Atkins-Munch-Petersen (CAMP) reaction, requirement for NAD, urease production, and xylose and mannose fermentation. Negative esculin, trehalose, and sorbitol reactions were also considered for NAD-independent strains. The CAMP reaction was determined on 5% sheep blood agar, using a strain of S. intermedius producing beta hemolysis. All isolates were serotyped using the slide agglutination procedure as previously described. 10, 11 A total of 90 isolates were examined for the apxIV gene. The PCR for the apxIV gene was carried out as previously described, 13 with slight modification. The forward and reverse primers were 5Ј-TGGCACTGACGGTGATGAT-3Ј (nucleotides 6,018-6,036) and 5Ј-GGCCATCGACTCAACCAT-3Ј (nucleotides 6,459-6,442), respectively. Bacterial DNA amplification was carried out in a 50-l reaction mixture containing 5 l of the supernatant of lysed bacteria, 90 ng of oligonucleotide primers, 0.2 mM each of dATP, dGTP, dCTP, and dTTP, 10 mM Tris HCl (pH 8.8), 1.5 mM MgCl 2 , 50 mM KCl, and 1 unit of Taq polymerase b with distilled water. The PCR profile used included a denaturing step at 94 C for 30 seconds followed by annealing of the primers at 52 C for 30 seconds and an extension step at 72 C for 30 seconds. The 35 cycles of this 3-step procedure were performed in a thermal cycler c and were followed by a 10-minute extension at 72 C.
The amplified product was visualized by standard gel electrophoresis of 10 l of the final reaction mixture on a 2% agarose gel. Amplified DNA fragments of specific sizes were located by ultraviolet fluorescence after staining with ethidium bromide. Fragment lengths were verified by a digested lamda DNA standard run simultaneously. The PCRs were repeated 3 times. Control DNA from the reference strain was included in each reaction.
Of the 90 isolates serotyped, serotypes 2 (47 isolates) and 5 (25 isolates) were the most common, followed by serotype 6 (10 isolates). Three isolates belonged to serotype 7, and 5 isolates could not be typed. All 90 field isolates produced the expected 442-base pair fragment of the apxIV gene (Fig. 1) . The results of each of the 3 PCRs were consistent ( Table 1) .
The results of this study demonstrate that all A. pleuropneumoniae field strains tested carried the apxIV gene. Spontaneous deletion of the apxIV gene may not occur at hot spots of recombination or through the action of insertion sequence-like elements, as was the case with other apx genes. 1 Whether all 12 A. pleuropneumoniae serotypes carry the apxIV gene was not examined, but the combination of previous 13 and present results strongly suggests that all 12 A. pleuropneumoniae serotypes carry the apxIV gene and that the ApxIV toxin is species specific.
The Apx toxins are immunogenic and hence are essential components of protective vaccines. 6 If most field isolates carry the apxIV gene, the ApxIV toxin could be the best choice as a toxin antigen. Infections with A. pleuropneumoniae are usually diagnosed serologically. A diagnostic test that is species specific rather than serotype specific is preferred. Two indirect enzyme-linked immunosorbent assays (ELISAs) presumably based on ApxI and ApxII toxins have been reported. 4, 9 However, these Apx toxins are serotype specific. It may be possible to develop ELISAs based on the ApxIV toxin that can be used for diagnosis of porcine pleuropneumonia. Therefore, the ApxIV toxin has potential value for use both in vaccines and in diagnostic tests.
